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INTRODUCTION
Echinoderms from the Ordovician of Portugal are poorly known. Delgado (1870, 1892, 1897, 1908) was the first
author who recorded several cystoids, crinoids and coronates from Buçaco, Valongo and Amêndoa-Mação areas
(Central Iberian Zone) but did not provide any description or illustration justifying his identification. Recent taxonomic
studies focused only on Portuguese Middle Ordovician pelmatozoans, being the Upper Ordovician forms still
undescribed. Here we present a review of the original collection from Delgado (1897, 1908), coming from three levels
of Katian age in the Buçaco area, central Portugal. Delgado’s collections are stored in Museu Geológico de Lisboa
(Laboratório Nacional de Energia e Geologia); the echinoderm material is properly identified by its original labels that
contain precise locality information from each specimen.
MATERIAL
All the studied fossils come from the unit so-called “Schistos impuros diabasicos” by Delgado (1897, 1908),
currently included in the Porto de Santa Anna Formation (Young, 1985, 1988). This formation consists of volcaniclastic
sediments with some interbedded silicified limestones and tuffs that overlie a basal thick oolitic ironstone bed (Leira
Má Member). The overlying sequence is composed by interbedded silicified limestones and thinly-bedded, fine-grained
tuffs, culminating in a volcanic flow. The lower part of the Member Leira Má yielded an abundant assemblage of
brachiopods, trilobites, bryozoans, cnidarians, molluscs and echinoderms, in part described by Ribeiro et al. (1853),
Thadeu (1947), Young (1985) and Romano (1991). The upper part of the formation contains an unpublished fauna
with brachiopod, bryozoans, echinoderms and rare trilobites (Young, 1988). Sá et al. (2011) assigned an upper
Berounian (Katian 2) age to the Leira Má Member of the Porto de Santa Anna Formation, whose upper part reaches
the Kralodvorian (Katian 3-4).
A total of 235 echinoderm specimens have been studied from the original collection of Delgado (1897, 1908)
coming from three different localities placed on the Porto de Santa Anna Formation. They are mainly preserved as
external and internal moulds occurring in decalcified yellowish volcaniclastic marls. Among the studied material, the
rhombiferans are the most abundant and are dominated by the cariocystitoid Heliocrinites (Fig. 1D, E, H, I), that
includes at least two different species ((Heliocrinites cf. rouvillei von Koenen and H. helmhackeri (Barrande)) and
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Figure 1.
“Echinosphaerites” sp. (Fig. 1K). There are isolated plates belonging to two other groups of rhombiferans and assigned
to Hemicosmitida indet. (Fig. 1G, J) and Glyptocystitida indet. Diploporans are the second group in order of abundance
and include Sphaeronitida indet. and Aristocystitida ? indet. (Fig. 1C). Complete thecae of coronoids are also present
including the single taxon Mespilocystites sp. (= M. bussacensis Delgado, nomen nudum) (Fig. 1Q). Lastly, several
isolated columnals with possible crinoid affinities have been identified (Fig. 1L-P) including Conspectocrinus (col.)
celticus Le Menn, Ristnacrinus (col.) cf. cirrifer Le Menn, Cyclocharax (col.) paucicrenellatus Le Menn and a nearly
complete specimen assigned to Crinoidea indet. (Fig. 1A, B).
CONCLUSIONS
The review of the echinoderm fauna reported by Delgado (1897, 1908) from the Porto de Santa Anna Formation
of the Buçaco syncline, resulted in the identification of a relatively diverse assemblage dominated by cariocystitoid
rhombiferans, that belongs to the “Heliocrinites Fauna” (sensu Gutiérrez-Marco, 2001) known from middle Berounian
to Kralodvorian strata of France, Spain, Italy, Serbia, Bohemia, British Isles and North Africa. Although Heliocrinites is
a widespread genus, according to Paul (1997), this genera appears to have been adapted to both tropical and cold
polar latitudes during the Ordovician, occurring also in association with a rich shelly fauna in Baltica, Britain, Belgium,
Myanmar and China, ranging from upper Arenigian to Hirnantian rocks.
The “Heliocrinites Fauna” of Buçaco occurs in upper Berounian and Kralodvorian rocks, partly contemporaneous
of its Kralodvorian occurrences from the Pyrenees, southern Cantabrian Zone, Iberian Ranges and the southern Central
Iberian Zone; and provides critic palaeobiogeographic information to understand the patter of echinoderm distribution
at such interval.
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Figure 1. Echinoderms from the Upper Ordovician of Portugal. A, B. Specimen of Crinoidea indet., preserving articulated stem and
part of the arms (MG92.5.1). C. Aristocystitida? indet., showing details of primary and secondary thecal plates (MG3236). D. Partially
articulated theca of Heliocrinites sp. (MG3371). E. External mould of Heliocrinites cf. helmhackeri. (MG3128). F. Echinosphaeritida
indet. (MG3368). G, J. Isolated thecal plates of Hemicosmitida indet. (MG92.5.14). H. Partially articulated theca of Heliocrinites cf.
rouvillei showing the aboral pole (MG3232). I. Canals in rhombs of Heliocrinites sp. (MG3372). K. Internal mould of an articulated
theca of “Echinosphaerites” sp. (MG3129). L. Ristnacrinus (col.) cf cirrifer (MG3241). M. Cyclocharax (col.) paucicrenellatus
(MG92.6.6). N. Conspectocrinus (col.) celticus (MG3245). O. “Pelmatozoan” (col.) indet. (MG3135). P. “Pelmatozoan” (col.) indet.
(MG3384). Q. Specimen of Mespilocystites sp., showing the internal mould of the theca and coronal processes (= M. bussacensis
Delgado, nomen nudum) (MG3382).
Specimens A, B, C, E, F, G, H, I, J, L, M, N, O and P are latex casts whitened with MgO.
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